In order to explore the genetic risk of a child with a family history of allergies developing asthma, aliergic rhinitis, or atopic dermatitis, questionnaires filled in by 6665 families were analysed. The data were collected in a population based cross sectional survey of9-11 year old schoolchildren living in Munich and southern Bavaria. The relation between asthma, allergic rhinitis, and atopic dermatitis and the number of allergic first degree relatives, and the type of allergic disease was examined. Analyses were done separately for families with single or multiple allergic diseases. In families with one allergic parent the risk of the child developing asthma was increased by asthma in a parent, with an odds ratio (OR) of 2-6 (95% confidence interval 1-7 to 4.0) but not by parental allergic rhinitis with OR 1-0 (0.7 to 1.5) or atopic dermatitis, OR
4.4)
, compared with children with parental asthma, OR [1] [2] [3] [4] [5] (1-0 to 2.2), or parental allergic rhinitis, OR [1] [2] [3] [4] (1-1 to [1] [2] [3] [4] [5] [6] [7] [8] . Risk Because of the small number of cases involved in many of the studies and the fact that overlapping effects of multiple diseases in the families were not taken into consideration,9-13 it has not to date been possible to determine clearly the risk factors for different atopic family situations.
A population based epidemiological survey with a high number of cases should permit a more differentiated examination of the risk due to heredity. The selection of subgroups with a homogeneous allergic family situation allows the estimation of individual risk factors.
The Munich Asthma and Allergy Study is a cross sectional study to determine the prevalence of allergic and asthmatic diseases in schoolchildren in Bavaria. The relationship between atopic diseases of the parents and siblings and the risk of the investigated child developing an allergic disease such as asthma, allergic rhinitis, or atopic dermatitis is analysed with the data from questionnaires completed by 6665 families.
Methods
The data reported in this paper were collected as part of the Munich Asthma and Allergy Study from October 1989 to July 1990. This survey comprised 9349 schoolchildren aged 9 to 11 years, including all fourth grade children in 118 primary schools in Munich and 65 schools in southern Bavaria. The schools in the rural districts were selected for lower air pollution. Questionnaires were sent home from school with the children, answered by their parents, returned to school, and collected by the investigators. The response rate was 88% (8204 questionnaires). This was an informed consent study approved by the ethics commission of the 'Bayerische Landesarztekammer'.
QUESTIONNAIRE
Both current and previous allergic diseases of the child and its relatives were evaluated using a total of 58 questions. The questionnaire was standardised according to the recommendation of the American Thoracic Society and supplemented by some of our own questions.
Information given by the parents that a physician had diagnosed asthma at least once or there had been multiple episodes of wheezy bronchitis ('spastische, isthmoide Bronchitis') was taken as representing asthma. Allergic rhinitis was used synonymously with hay fever. Eczema, neurodermatitis, or itching skin lesions in typical locations were interpreted as atopic dermatitis.
The question 'Did you or a family member ever suffer from one of the following diseases?' was answered separately for the parents, siblings, and grandparents by meaips of a chart which was divided into sections for bronchial asthma, allergic rhinitis, and atopic dermatitis. Familial allergy was taken to exist when it was stated that at least one family memer had at some time asthma, allergic rhinitis, or single allergic diseases in one parent were evaluated. Thirdly, the effect of different combinations of two allergic diseases in two first degree relatives was estimated. The risk of an allergic family history is given as an odds ratio (OR) with the corresponding 95% confidence interval (CI). Frequencies were compared for their statistic significance with the X2 test. All analyses were carried out with SAS 5-18.
Results
The analysis was based on a total of 6665 questionnaires filled in by Germans, as defined by the nationality of the examined child. The 1539 foreign children were a heterogenous group, of whom 31% (470) were Turkish, 29% (443) Yugoslavian, and 41% (626) were from elsewhere. There were significant differences between German and non-German children in the prevalence of asthma, allergic rhinitis, and atopic dermatitis. 14 A history of bronchial asthma, allergic rhinitis, and atopic dermatitis of at least one family member (parents, siblings, and grandparents, all with lifetime prevalence) was reported in 47% (3160) of the German families. Including only data from parents and siblings, 40% (2650) had a positive family history. In 15% (1024) of the families there was more than one allergic disease-that is, one or more first degree relatives suffered from one or more allergies. A total of 27% of the children (1776) had one parent suffering from one atopic disease. Allergy of both parents was reported in 4% (241) of the families and 3% (171) had more than two first degree relatives with atopic disease.
Children with atopic disease (asthma, allergic rhinitis, or atopic dermatitis) had a positive family history (first degree relatives) in 55% of cases compared with 35% in children without an atopic disease (p<0-001). The cumulative prevalence of allergies increased with the number of atopic first degree relatives. An allergy of both parents was associated with an allergy in the child in 56% of cases (77/137). There was no difference if the parents had the same type of allergic manifestation (55%, 45/82). In families with more than two allergic first degree relatives, 67% (109/163) of the children had an allergic disease.
The prevalence of asthma, allergic rhinitis, and atopic dermatitis was associated with the number of allergic family members (table 1) . However, differentiation between the types of allergic disease in families with one allergic parent showed that the risk of asthma rose only if asthma was present in a parent, rather than allergic rhinitis or atopic dermatitis (table 2) .
Allergic rhinitis was seen in 16% of the children with one allergic parent, in 25% if both parents had an allergy, and in 28% with more than two allergic family members (table 1) . In families with one atopic parent, allergic rhinitis of the child was most frequent if a parent also had allergic rhinitis (table 2) .
Atopic dermatitis similarly increased with the number of allergic family members, from 26% with one parent suffering from an allergy, to 40% with both parents allergic, and 46% in families with more than two allergic subjects. With regard to the type of allergy, the highest risk for atopic dermatitis was observed when a parent also had atopic dermatitis (39%), while it was evidently lower for allergic rhinitis (23%) or asthma (22%) (table 2) .
In comparing the prevalence of allergies associated with different types of parental Only asthma in one parent represented a risk factor for the child to develop asthma, not allergic rhinitis or atopic dermatitis (table 3) . Only asthma in the father was associated with a significantly increased prevalence and OR. As expected asthma was more frequent in boys, but the risks represented by the OR were comparable with those of girls.
By excluding multiple allergies of a parent, the strongest difference was observed for the effect of atopic dermatitis in a parent. Isolated parental atopic dermatitis was associated in 6% of cases with asthma in the child, while asthma was observed in 9% of the children (table 2) with possible additional allergies of a parent.
The highest risk for allergic rhinitis ( (table 1) . The combination of both was associated with an increased risk for asthma, but this was lower than in combination with an asthmatic disease of one relative.
CONFOUNDERS
The rate of reported atopic dermatitis and allergic rhinitis in the family varied greatly (p<0001) according to education, parental smoking habits, nationality, and place of residence. In families where the parents gained the school leaving final qualification, more family histories of atopic dermatitis or allergic rhinitis were reported (41%) than in families where the parents had an elementary school qualification (23%). This was also true in households without cigarette smokers (36%) as opposed to families with smokers (27%) and was more so in families living in Munich (33%) rather than in southern Bavaria (30%). The same results were noted more often in German families (36%) than in families of other nationalities. There was no significant difference for the rate of reported asthma cases in the family in the different groups.
To estimate the effect of the different confounding variables, the OR for allergies in the child having one family member with an allergic disease was determined in different subgroups. There was no statistically significant difference between boys or girls, whether living in Munich or southern Bavaria, with parents smoking at home or not, whether the questionnaire was filled in by the father or the mother, and between the different standard of parents' education. In nearly all of these subgroups, an OR of about 2 was observed.
Discussion
This population study showed that 40% of the children had an allergic family history and if grandparents were included this figure rose to 47%. It is hence necessary to differentiate between hereditary risk factors. As 15% of the families reported combined allergies, it is important to avoid the overlapping effects by excluding additional allergies in each case. This restriction appreciably reduces the number of the children included in the different evaluations.
Data collected from questionnaires always suffer from various problems. The information given about a child or family member's atopic disease relies on memory and -retrospective interpretation by the person who answered the questionnaire. However it is not possible to diagnose asthma, allergic rhinitis, or atopic dermatitis by means of a single examination of the child, because these allergic diseases occur mostly episodically. Nevertheless questionnaires offer a unique opportunity to collect information from a large and representative group in the population. As this survey comprised only chidren aged 9 to 11 years, the different groups are very comparable. It should be noted that the estimated risk for an allergic disease is valid for this age group and could vary for older children.
Earlier studies on allergic inheritance which also determined the prevalence of a family history of allergic disease in individuals with and without allergies, reported a positive family history in 40 to 80% of individuals with an allergic disease compared with 20% or fewer of individuals without an allergic disease.2 15 Our observation that 35% of children without a reported allergic disease have a positive family history is in keeping with a surprisingly high number of children with an allergic family history.
Studies evaluating the genetic role in allergies often differentiate only between families with and without atopic diseases or take only the number of atopic family members into account. 16 17 Furthermore, investigations which distinguished between the genetic risk of different atopic diseases did not consider the effect of combinations of multiple allergies.6 12 1819 In families with single allergic disease of one parent only asthma, not allergic rhinitis, is a predisposing factor for asthma in the offspring. A longitudinal study in a cohort of children aged 5-9 years observed an increase of the relative risk only for parental asthma.20 On the other hand, asthma of the mother or the father raises the risk of allergic rhinitis. This one sided relationship supports the hypothesis that allergic rhinitis could be a minor form of bronchial asthma. This is in accordance with the results of a follow up study of college students demonstrating an increased risk of developing asthma for persons with allergic rhinitis.2'
The prevalence of asthma is higher in boys than in girls, but the risk factors of parental asthma are comparable for both sexes. The finding of a study of 4-6 year old children in New Zealand that parental asthma and atopic dermatitis are only associated with asthma in boys could not be confirmed by our data. 6 18 The differentiation between allergies of the mother and of the father shows that for asthma in the child only paternal asthma has-a,strong influence, while for allergic rhinitis and atopic dermatitis the influence of the mother is more decisive. The estimated differences between the influence of the mother and of the father must be interpreted with caution, as 80% of the questionnaires were filled out by mothers. Allergies of the mother are probably overrepresented and allergies of the fathers may include more of the acute and severe type.
A cross sectional study of atopic disease in 1325 school entrants found that children whose parents have an identical type (respiratory or skin) of atopic disease more frequently develop an atopic disease (72%) than children with nonidentical types ofallergies in the parents (2 1%). 16 We could not find a difference in the prevalence of allergies between the whole group of children with both parents allergic (56%) and children of parents with an identical type of allergic manifestation (55%). But The proved relationship between atopy of a sibling and atopy of the examined child, which exists independently of parental disease, cannot be explained by a simple hereditary model. The increase in prevalence of allergies in children with one affected sibling and no reported parental disease and the additional increase with three or more family members compared with the group with both parents allergic could be explained by an incomplete genetic penetrance.
Various other types of studies have provided additional insight into the genetic basis of allergies. The results of case-control studies,'1-13 which are based on clinical diagnosis, support the relationship between parental atopy and allergic disease, but due to the small numbers of cases they do not allow differentiation of family allergies.
The differences between monozygotic and dizygotic twins and a tendency for the same type of manifestations as evaluated in a large twin study provides evidence for the genetic nature of atopy.S Concordance rates for asthma and allergic rhinitis of monozygotic twins reared apart are quite similar to those of twins reared together, suggesting a substantial genetic component for the development of asthma and allergic rhinitis.22 But This study was supported by the 'Bayerischen Staatsministerium fur Landesentwicklung und Umweltfragen'. We would like to thank Dr E Frfr von Loeffelholz-Colberg, Professor Dr W Lehmacher, and Dr T Nicolai for planning and supervising this study; all 182 participating schools for their support of the study, as well as the children and their parents, whose commitment was essential for the survey.
